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(54) Amorphous perfluorinated copolymers 

s 

(57) Amorphous perfluorinated copolymers, com- 
prising cyclic perfluorinated units deriving from at least 
two different perfluorinated comonomers, optionally 
with units deriving from a perfluorinated monomer con- 
taining at least one olefinic unsatu ration (perfluoroole- 
fin), or comprising cyclic perfluorinated units and units 
deriving from a perfluorinated monomer containing at 
least one olefinic unsaturation, said perfluorinated co- 
polymers having the following combination of proper- 



ties: 



substantial absence of unstable polar end groups, 

polymer Tg higher than 120°C, 

narrow monomeric composition distribution. 



CM 

o> 

CO 

in 

CM 

CL 
LU 

Printed by Jouve, 75001 PARIS (FR) 

BNSDOCID: <EP 1256592A1__I_> 



EP 1.256 592 A1 



Description 

?0 - higher diameter, 

- improved flexibility (according to "bending test") 

- improved number opening (difference of the refractive index between core and sheath) 

- improved connection easiness to the light source. 

unstable end groups being lower than 5 mea/Ka , \l ? copolymers is high, the number of the 

results too high for LAN app.ications betWee " 7 °° 3nd 1,550 nm - Said attenuation 

the Tg a.ong the fiber diameter. As third componen^S^ - ™*-" — nt 
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-CF 2 -CF(CF 3 )0- 0r-(CF 2 ) n1 O- 



attenualo oMoo dB/^ a » S Z and i^at Vl^T ^ haVing 3 Tg ° f 82 °° can have a " 
absence of PPPE the attenuTn ZT^fZS^Zl " T ^ 

ranges from 82°C in the core> to m^r k +u dB/Km at 1 ,550 nm, while the Tg 

55 " f l""? j0n u Va ' UeS bWer thaP 1 °° dB/km at Wave ,en 9 ths 500 to 1 ,550 nm- 
55 - Tg higher than 120°C; ' 

high thermal resistance- 

• =^^^ 
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PTFE filter having a maximum pore diameter of 0.2 micron, no polymer residue remains on the filter; the filter 
weight before and after filtration remains unchanged. 

[0009] The Applicant has unexpectedly and surprisingly found perfluorinated amorphous polymers which solve this 
5 technical problem. 

[0010] An object of the present invention are amorphous perfluorinated copolymers, comprising cyclic perfluorinated 
units deriving from at least two different perfluorinated comonomers, optionally with units deriving from a non cyclic 
perfluorinated monomer, or which does not cyclize during the polymerization, containing at least one olefinic unsatu- 
ration (perfluoroolefin), or comprising cyclic perfluorinated units and units deriving from a non cyclic perfluorinated 
io monomer, or which does not cyclize during the polymerization, containing at least one olefinic unsaturation, said per- 
fluorinated copolymers having the following combination of properties: 



substantial absence of unstable polar end groups, in particular end groups as COR COOH or their amidic deriv- 
atives, esters or salts; said end groups being not detectable in the copolymer, i.e. present in an amount lower than 
15 0.05 mmoles/kg polymer when they are determined by Fourier transform IR spectroscopy by Nicolet® Nexus FT-IR 

equipment (256 scannings, resolution 2 cm 1 ), wherein: 



on a sintered polymer powder pellet having 5 mm diameter and thickness from 50 to 300 micron (corresponding 
to a weight of 1 .75 and 10.5 mg of polymer, respectively) a scanning between 4,000 cm 1 and 400 cm 1 is initially 
20 carried out, the pellet being then kept for 12 hours in an environment saturated with ammonia vapours; 

the IR spectrum is finally recorded under the same conditions of the initial IR spectrum; 

the two spectra are elaborated by subtracting from the signals of the spectrum relating to the untreated sample 
(initial spectrum) those corresponding to the specimen spectrum after exposure to ammonia vapours; 
the "difference" spectrum is obtained, which is normalized by the following equation: 



25 



"Difference spectrum" 



2 

[pellet weight (g)/pellet area (cm )] 



30 - the optical densities related to the end groups which have reacted with the ammonia vapours are measured, which 
give rise to detectable peaks in the IR spectrum, said end groups being the COOH and COF groups; *\T 
the optical densities are converted in mmoles/kg polymer using the extinction coefficients reported in Table 1 , page 
73 of the paper by M. Pianca et Al. "End groups in fluoropolymers", J. Fluorine Chem. 95 (1999), 71-84 (herein 
incorporated by reference); the so found values give the concentrations of the residual polar end groups as mmoles 

35 of polar end groups/kg polymer: in the spectrum of the amorphous (per)fluorinated polymers after fluorination 

bands related to COON groups (3,600-3,500, 1 ,820-1 ,770 cm- 1 ) and/or COF groups (1 ,900-1 ,830 cm" 1 ) are not 
detectable, the method detectability limit being 0.05 mmoles/Kg polymer; *. 
polymer Tg higher than 120°C, preferably 125°C; *■ • 

narrow distribution of the monomeric composition of the amorphous perfluorinated copolymer measured according 

40 to the following test: the polymer is dissolved at a concentration of 5% w/w in perfluoro heptane solvent, after 

filtration on PTFE filter having a maximum pore diameter of 0.2 micron, no polymer residue remains on the filter 
whereby the filter weight before and after filtration remains unchanged. 

[0011] The amorphous perfluorinated polymers according to the present invention do not substantially contain C-H 
45 bonds. 

[001 2] The perfluorinated monomers which give polymers containing cyclic structures, are selected from the follow- 
ing: 



perfluorbdioxoles, wherein optionally one or two fluorine atoms are substituted with chlorine atoms; 
50 - non conjugated dienes having the following formulas: 



CF 2 =CFOCF 2 CF 2 CF=CF 2 , 

CFX 1 =CX 2 OCX 3 X 4 OCX 2 =CX 1 F 
wherein X 1 and X 2 , equal to or different from each other, are F, CI; X 3 and X 4 ? eqKal to or different from each 
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r°nn!o *"* F ° rCF3 ' Whfch dUr '" 9 the P^erization cyclopolymerize 

[0013] The preferred perfluorodioxoles are those having the following formula: 



10 
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CF = C - R ' F 

I I 
O O 

\ / 

cx,x 2 

(IA) 



55 



as PD. * ; wnerein h p — F, X 1 = X 2 = F 3 and the compound is know 

C 2 -C 8 perfluoroolefins, such as TFE, hexafluoropropene (HFP)- 
^ - (peOnuoroalKyMnylethers (PAVE) CF 2 =CF ORt , wherein R, is a C r C 6 (per)f, U oroa lky l, for example CF 3 , C 2 F 5 , 

perfluoro-oxyalkylvinyiethersCFo=CFOX wherein y icon r i ^ _ 
Shaving one ormo ^ 

S alS ° 35 — or which does not 

comonomers "also noo wdteC C Tu! i„ ! "! unsaturat,on - ,n substitution or in addition to the above 
two chfonne ato^c^ ^£SSS^S^° '*** ^ ^ POlymerizati ° n - Gaining one or 

deriving from efthJdffferen X ^SZ^a'^Z^nT ^ UnSatUration > il contains «** «•»» 
erization. monomers or a cyclic monomer and a monomer which cyclizes during the polym- 

^m T o™ 

erably from 80% to 100%. * " 9 ^ P o| y me " zat '°" range from 60% to 1 00% by moles, pref- 

Kot cyc^dtnTgr Z^^^^ T * Tn m ~ w ^ 

deriving from a cyclic monomeVor ram tZ diJeren , Sr ^ unsaturation - » contains cyclic units 

which cyclizes during the pofyme^on * ° ^"^^^ ° f ft0m 8 «** monomer and * monomer 

«^Zo^ CyC ' iC U " itS <™ a «** monomer, or from two 

from 60% lo 99.5%, preferablyTom S to 95 % m ° n ° mer W *** CyCl * eS dUrin9 the ^^erization range 

S ^iz^^^z^z a r cyc,ic perf,uorina,ed - -**'«*- - 

non cydic perfluorooLin or which does no ZJzeZZZZ " Can °P tiona »V »• present a second 

lected from the above non cyclic oerfluoroolS ™ h 9 1 polymen * at '° n ' differe "t from that already present, se- 
moles from 0 to 20%. p£.^ "° P 0 '*™"^. - amounts in per cen, by 

[0022] The preferred copolymers according to the present invention are the copolymers obtained by copotymerizing: 

- the perfluorodioxoles of formula (IA) having TTD structure, with TFE - 

- theperfluorodioxo.es of formu,a (,A) having TTD structure, w*h perfluorodioxoles of formula (,A) having PD struc- 
[0023, The dioxoles and their copo.ymers, before being subjected to the process according to the present invention, 
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as described hereafter, are prepared by polymerization for example according to USP 5.498,682 and USP 5,883,177. 
The amorphous polymers can be prepared according to polymerization methods in emulsion, suspension and bulk 
according to known methods of the prior art. In particular amorphous polymers can be prepared by monomer copoly- 
merization in aqueous emulsion, according to known methods of the prior art, in the presence of radical initiators for 

5 example alkaline or ammonium persulphates, perphosp hates, perborates or percarbonates, optionally in combination 
with ferrous, cupreous or silver salts, or other easily oxidizable metals. In the reaction medium also anionic, cationic 
and non ionic, hydrogenated and fluorinated surfactants are usually present, among which fluorinated surfactant are 
particularly preferred. The polymerization reaction is generally carried out at temperatures in the range 25°-150°C, 
using a pressure up to 10 MPa. The preparation of amorphous perfluorinated copolymers is preferably carried out in 

io microemulsion of (per)fluoropolyoxyalkytenes } according to USP 4,789,717 and USP 4,864,006. Optionally in polym- 
erization well known chain transfer agents of the prior art can also be used. 

[0024] The determination of the narrow distribution of the monomeric composition of the amorphous perfluorinated 
polymer of the invention, as said, is carried out according to the following test: the polymer is dissolved at a 5% con- 
centration w/w in perfiuoroheptane, after having filtered the solution on PTFE filter having a maximum pore diameter 
'5 of 0.2 micron, no polymer residue remains on the filter; in other terms the filter weight before and after filtration remains 
unchanged. 

[0025] A further object of the present invention is a process for preparing the above perfluorinated polymers, including 
also the homopolymers formed by cyclic units deriving even from only one cyclic monomer or from a monomer which 
cyclizes during the polymerization, comprising the foollowing steps: 

20 

I) dissolution of the amorphous perfluorinated polymer in a solvent inert to fluorination, having solubility parameter 
defined as in Polymer Handbook 3th ed. page VII 519, (Ed. Brandrup and Immergut), from 5.5 to 8.2 (cal/cm 3 ) 1/2 , 
the polymer being dissolved at a concentration, expressed in per cent by weight, from 0.5% to 15%, preferably 
from 3% to 8%; 

25 ||) polymer fluorination in solution by treatment with elementary fluorine, optionally in admixture with inert gases, 

in the presence of ultraviolet radiations having a wave length from 200 to 500 nm, at temperatures lower than 100°C; , 

III) solution filtration on PTFE filter having a maximum pore diameter of 0.2 ujti, recovery of the filtrate;- the filtrate 4 
contains the amorphous perfluorinated polymers of the present invention usable for optical applications; 

IV) optionally, solvent removal and recovery of the amorphous perfluorinated polymers usable for optical applica- - 
30 tions. > _ ^ 

v 

[0026] In step I) one must use, as said, at least a solvent inert to fluorination, having solubility parameter defined as \. 
in Polymer Handbook 3th ed. page VII 51 9, (Ed. Brandrup and Immergut), from 5.5 to 8.2 (cal/cm 3 ) 1/2 . Solvents which -3 
satisfy the solubility parameter are preferably selected from perfiuoroheptane, known as Galden®D80, pert luorobutyl- v , -3 

35 tetrahydrofuran, perfluoropropyl-tetrahydropyran, perfluoropoly ether having b.p. 165°C, known as Galden®LS 165, . ,- v i 
tertiary perfluoroamines, etc. 

[0027] In step I) to the organic solution also a doping compound can optionally be added, in an amount-expressed *i 
in per cent by weight on the perfluoropolymer, from 1% to 30%, preferably from 5% to 20%: With doping compound ; ** 

(see hereunder) a substance is meant whose refractive index differs from that of the perfluoropolymer of at least 0.001 

■*o units, preferably of 0.005 units. 

[0028] In step II) the used radiation has a wave length ranging from 200 to 500 nm; a mercury lamp Hanau TQ 150 
can for example be used. By fluorination the amount of polar end groups in the polymer is reduced and results unde- 
tectable with the above described infrared spectroscopy method. Therefore their residual amount is lower than the 
method detectability limit which, as said, is of 0.05 mmoles/kg polymer. The reaction temperature in step II) ranges 

45 from 0°C to < +1 00°C, preferably from +20°C to +50°C. 

[0029] As said, the determination of the polar end groups before and after fluorination is carried out by IR spectros- 
copy, performing a scanning between 4,000 cm* 1 and 400 cm" 1 , on a sintered polymer powder pellet which can have 
a thickness from 50 to 300 micron. The fluorination process ends when by IR spectroscopy bands related to COON 
groups (3.600-3,500, 1 ,820-1 : 770 cm* 1 ) and/or COF groups (1 ,900-1 ,830 cm' 1 ) are no longer detectable. The method 

50 detectability limit is 0.05 mmoles/Kg polymer 

[0030] In step 111) the temperature at which the filtration is carried out is in the range 0°-100°C, preferably it is the 
room temperature (20°-25°C). 

[0031] In step IV) the solvent is removed by means of known methods, for example by stripping under vacuum. 
[0032] The amorphous perfluorinated polymer obtained at the end of the process according to the present invention, 
55 shows the combination of the above properties: 

attenuation values lower than 100 dB/km at wave lengths from 500 to 1 ,550 nm; 
Tg higher than 120°C; 
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high thermal resistance; 

narrow distribution of the monomeric composition as above defined. 
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[uujbj \ he used doping agents are fluonnated compounds substantia r m h rt ^ P f ^ Huiyemere. 

-CFX.O- wherein X - F rF h au L r, ' ( ° s) CF 2 0 ' (CF 2 ) n1 0-wherein n1 is an integer from 2 to 3, 

preferabhytom SO^ S» a^^ n ^^ST^| hr ^ f ™ 3 °° * 10.000, sti.l more 

pounds are wel. known in I^X.^^^ 9 ^ ^"'a^ The P^oropotyether com- 

35 ed index and step index 9 ' ° Pt ' Cal COm P onents - °P« cal ■«» and windows, optical fibers, grad- 

^a^nS'J^e*^^^ J? b « if * wave length from 400 to 1 ,550 nm the 

the Examoles of Hw, nmw iZ' Z I. ' ' _ ° rtne ^nuat.on value measured at 514 nm, as indicated in 
measured at 514 nm ' attenuat,Qn at hi 9 her 'engths is equal to or lower than the values 

[0040] The following Examples illustrate the invention without limiting the scope thereof. 
EXAMPLES 

Attenuation measurement method 

Polar (ionic) end group determination by IR sDectroscogy 

[0043] A small amount of the specimen (3.5 mg) is put under a press (3.5 ton/cm*) Vd a peHet having a 5 mm 
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diameter and 100 micron thickness is prepared. 

[0044] The spectrum from 4,000 to 400 cm' 1 is recorded by Nicolet® Nexus FT-IR equipment (250 scannings, res- 
olution 2 cm -1 ). 

[0045] The pellet is transferred in an environment saturated with ammonia vapours. After 12 hours the specimen is 
taken from the ammonia saturated environment and the IR spectrum is recorded again under the same conditions. 
[0046] By subtracting from the signals of the spectrum relating to the specimen as such those corresponding of the 
specimen spectrum after exposure to ammonia vapours, the "difference" spectrum is obtained, which is normalized 
by the following equation: 

"Difference spectrum" 



2 

[pellet weight (g)/pellet area (cm )] 



[0047] The optical densities related to the end groups which have reacted with the ammonia vapours are measured. 
15 They are generally COOH or COF groups. The optical densities are transformed into mmoles/kg polymer using the 
extinction coefficients shown in Table 1 , page 73 of the paper by M. Pianca et Al. "End groups in fluoropolymers", J. 
Fluorine Chem. 95 (1999), 71-84. The found values express the concentrations of the residual polar end groups as 
mmoles of polar end groups/kg polymer. The detectability limit is 0.05 mmoles/Kg polymer. 

20 Polymer Tg determination 

[0048] The Tg is measured by DSC. 

Test of narrow distribution of the monomelic composition 

25 

[0049] The test is carried out with the following procedure: 

% 

the polymer is dissolved at 5% concentration w/w in perfluoroheptane having a solubility parameter 5.8, and the 
obtained solution is filtered on PTFE membrane having a maximum pore diameter of 0.2 micron. After filtration, 
30 no polymer residue has to remain on the filter whereby the filter weight before and after filtration must remain 

unchanged. 

EXAMPLE 1 

■ i 

35 p reparation of copo lymer TFE/TTD 20/80 

[0050] In a 5 1 AISI 316 autoclave, equipped with stirrer working at 650 rprn, after vacuum has been made by oil 
pump, are introduced in sequence 2,790 ml of demineralized water, 6.67 g/iitre H 2 0 of microemulsion obtained by 
mixing: 



7.5 ml of a perfluoropolyoxyalkylene having acid end group of formula: 

CF 2 CIO(CF 2 -CF(CF 3 )0) n (CF 2 0) m CF 2 COOH 

wherein n/m = 10, having average molecular weight 600; - 7.5 ml of an aqueous NH 3 solution at 30% by volume; 

15 ml of demineralized water; 
4.5 ml of Galden® D02 of formula: 



CF 3 O(CF 2 -CF(CF 3 )0) n (CF 2 O) m CF 3 

wherein n/m = 20, having average molecular weight 450. 
55 [0051] The autoclave is heated up to 75°C and at this temperature 33.3 g/litre H 2 0 of TTD are added. The pressure 
inside the autoclave is brought to 1.4 MPa by TFE gas. Subsequently 210 ml of a solution 0.0925 M of potassium 
persulphate are introduced. After about 1 0 minutes the reaction starts. The reaction pressure is kept constant by feeding 
in a semicontinuous way, at each decrease of the inner pressure of 0.05 MPa, liquid TTD and gaseous TFE in the ratio 
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by weight TTDATFE = 1 .4. The reaction is stopped after having fed in the whole about 320 o of TTD Tho i«, ■ 
degassed and it has a 15% by weigh, concentration of so.id. „ is coagulated by adding HNofat 65V^/w i ^! 

loosTthe^ 

[0052] The polymer Tg .s about 1 34.7°C corresponding to a composition by moles 20/80 TFF/rrr T t! , 
v.scosity measured at 30°C in perfluoroheptane (Galden® DBO) is eoual S i i. - LI T .1 , ^ m,nnS ' C 
«o contain a residua, amount of the po.ar COON f^£SZ^£%? * ^ "* 

EXAMPLE 2 

ZZSZIZZSET TFE/rro 20/80 ° p,te " aM *" ai " 9 '° < te - ■>— ^ 
SSL XSKSBSi" sh0 - n ,ha < ,ha - - p* -i » '~ 0.05 m « 9 

EXAMPLE 3 (comparative) 

Fluorination of a copolymer TFE/TTD 20/80 

-jo 

5l ^x^'sr s sh °™'' ,m me c °~ a,ton °' p ° B ' <""» * ">*» »» »-«-«» 

« [0063] A cylinder having 2 cm x 5.2 cm sizes is obtained 

no nucr a I g of 1 00 C, corresponding to a composition on a molar basis 50/50 TFE/TTD. ■ 

EXAMPLE 4 (comparativ e) 
55 ~ 

Filtration of a copolymer TFE/TTD 20/80 

[0067] Example 2 is repeated omitting only the fluorination step. 
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[0068] The polymer IR analysis has shown that the concentration of polar groups is of 6 mmoles/Kg polymer. 
[0069] A cylinder having 2 cm x 5.2 cm sizes is obtained. 

[0070] The polymer cylinder has been subjected to scattering measurements by the Laser Light scattering (LLS) 
technique as above. The attenuation is equal to 0.06 dB/cm (6,000 dB/km) at 514 nm. 
5 [0071] The polymer dissolved at a concentration of 5% by weight in Galden®D80 and filtered on a PTFE membrane 
having a maximum pore diameter ol 0.2 u,m does not leave residues on the fitter. The filter, dried at 150°C for 1 h and 
weighed by a precision balance has the same weight as the initial weigh. 

EXAMPLE 5 

w 

Preparation of copolymer TFE/TTD 20/80 

[0072] The preparation of the copolymer of Example t is repeated by obtaining a polymer having a Tg of about 
133.1°C. The intrinsic viscosity, measured at the temperature of 30°C in perfluoroheptane is 35.2 ml/g. By IR analysis 
'5 mo polymer results to contain a residual amount of the polar COOH groups of 6 mmoles/Kg polymer 

EXAMPLE 6 

Preparation of a copolymer for optical applications according to the process of the present invention, and achievement 
?o of the preform, by using the amorphous perfluorinated polymer prepared in Example 5. 

[0073] Example 2 is repeated, by using the polymer of Example 5, except the fluorination time, which is 42 h instead 
of 31 h. 

[0074] The compound remained on the filter has been characterized by IR spectrum and DSC. The IR spectrum 
^5 shows that it is a fluorinated polymer containing TTD. The DSC measurement shows for the fluorinated polymer re- 
mained on the filter a Tg of 1 00° C, corresponding to a composition on a molar basis 50/50 TFE/TTD. v .%. 
[0075] The polymer IR analysis has shown that the concentration of the polar groups is lower than 0.05 mmoles/Kg 
polymer (method detectability limit). 

[0076] The solvent is removed as described in Example 2 and the polymer treated as described until obtaining a 
30 cylinder having 2 cm x 4.3 cm sizes (preform). ^ 

[0077] The polymer cylinder has been subjected to scattering measurements by the Laser Light scattering (LLS) 
technique as above described. The attenuation is equal to 26x1 0" 5 dB/cm (26 dB/km) at 514 nm. 
[0078] The polymer dissolved at a concentration of 5% by weight in Galden®D80 and filtered on a PTFE membrane 
having a maximum pore diameter of 0.2 u,m does not leave residues on the filter. The filter, dried at 150°Q for 1 h and 
35 weighed by a precision balance has the same weight as the initial weight. 

EXAMPLE 7 

Preparation of copolymer TFE/TTD 20/80 

40 

[0079] The preparation of the copolymer of Example 1 is repeated obtaining a polymer having a Tg of about 1 37.4°C. 
The intrinsic viscosity, measured at the temperature of 30°C in perfluoroheptane is 40.0 ml/g. By IR analysis the polymer 
results to contain a residual amount of the polar COOH groups of 6 mmoles/kg polymer. 

-*5 EXAMPLE 8 

Preparation of a copolymer for optical applications according to the process of the present invention, and achievement 
of the preform, using the amorphous perfluorinated polymer prepared in Example 7. 

so [0060] Example 2 is repeated, by using the polymer of Example 7, with a fluorination time of 30 h. 

[0081] The polymer IR analysis has shown that the concentration of the polar groups is lower than 0.05 mmoles/Kg 
polymer (method detectability limit). 

[0082] In the preform preparation step the polymer is introduced in a test tube having a length of 20 cm and a diameter 
of 2 cm and kept liquid at the temperature of 280°C for one hour, then slowly cooled, with a decreasing temperature 
55 profile, to room temperature in a time of 24 h. A cylinder having 2 cm x 6.34 cm sizes is obtained. 

[0083] The polymer cylinder has been subjected to scattering measurements by the Laser Light scattering (LLS) 
technique as above. The attenuation is equal to 12x10" 5 dB/cm (12 dB/km) at 514 nm. 

[0084] The polymer dissolved at a concentration of 5% by weight in Galden®D80 and filtered on a PTFE membrane 
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having a maximum pore diameter of 0.2 M m does not leave residues on the filter The filter dried at 150=C for 1 h an n 
weighed by a precision balance has the same weight as the initial weight. 
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nZ7^ t P H erflUOnnated ^polymers, comprising cyclic perfluorinated units deriving from at leas, two different 
nn Z T COn :° n0m f re - °P ,,onal| y with unite deriving from a non cyclic perfluorinated monomer o^hich does 
£Z£l 9 t T P0,yme ; izati0n < contai ™° * one olefinic unsaturation (perfluorootefin) o comSrisinq 
duSh T" T S ^ UnitS deriVin9 fr ° m 3 n ° n CyC " C P^"orin«fd monomer, or which does 
^JSS^S? " ' eaSt ™ *"» — ' - P— copotymers hav^ 

- substantia, absence of unstable po.ar end groups, in particular end groups as COF, COOH or their amidic 
denvat.ves, esters or salts; said end groups being not detectable in the copotymer i e present n an amount 

Tole2 Nexu FtTr^ 9 P0, ^ e I fi When they are ** a ™*° by Fourier transform ^ 5^^^^^ 
Nicolet® Nexus FT-IR equipment (256 scannings, resolution 2 cm-'), wherein: 

- on a sintered polymer powder pellet having 5 mm diameter and thickness from 50 to 300 micron (corre- 
400 cm " L° ini^; 9 and . 1 °' 5 ^ ° f P ° Vmer ' res P^«veV) a scanning between 4.000 cm 1 and 
amrZa lapZ' ^ 0Ut ' ^ ^ ^ ^ ^ f ° r 12 h ° U ' S ta a " envi ™ saturated with 

- the IR spectrum is finally recorded under the same conditions of the initial IR spectrum- the two spectra 

soe^mUhl V SUbtraCt i 9 fr ° m Si9 " a,S ° f th€ SPeCtmm rela,i "9 to me untreated sample (S 
spectrum) those corresponding to the specimen spectrum after exposure to ammonia vapours 

- the drfference" spectrum .s obtained, which is normalized by the following equation: ' 

"Difference spectrum" 



2. 

so 



55 



[pellet weight (g)/pellet area (cm 2 )] 

- the optical densities related to'the end groups which have reacted with the ammonia vapours are meas 
urea, whKh g,ve rise to detectab.e peaks in the IR spectrum, said end groups being HTSSS/SJSSP 

" ToTerl rtTJZZ^ZT* mm A ° leS - /kg P °' ymer USin9 the eXtinCtion Sclents shown in Table 
71 «f fh W V M - P ' anCa 6t Al End 9roups in fluoropolymers", J. Fluorine Chem 95 (1 999) 

71-84 (herein .ncorporated by reference); the so found values give the concentrations of the residua S 

oo.vmeT^ 8 T t ° f T 9r ° UPS/k9 P0,ymer thS Sp6CtrUm ° f the amorphous (peXr natd 
polymer after flu onnation bands related to COOH groups (3.600-3,500, 1 820-1 770 J) and/oTcQF 
groups (1,900-1,830 cm-, are not detectable, the method delegability limii being 0 OS "moSg p^y 

- polymer Tg higher than 1 20°C, preferably 1 25°C 

* rZlZlf T^T" ° f monomeric composition of the amorphous perfluorinated copolymer measured ac- 
cording to the followmg test: the polymer is dissolved at a concentration of 5% w/w in pemuLhe^anr s Sem 
after filtration on PTFE fitter having a maximum pore diameter of 0.2 micron. n "po^er resS remai s on 
the hlter whereby the filter weight before and after filtration remains unchanged. 

oolvZ, hOUS t Perf,UOrina i ted C ° P0,ymere accordin 9 * c'aim 1 , wherein the perfluorinated monomers which qive 
polymers containmg cyclic structures, are selected from the following: onomers wnich give 

- perfluorodioxoles, wherein optionally one or two fluorine atoms are substituted with chlorine atoms- 

- non conjugated dienes having the following formulas: ' 

CF 2 =CFOCF 2 CF 2 CF=CF 2 , 



10 

BNSOOCID: <EP 1256S92A1J > 



"EP 1>2S6 592 A1 



CFX 1 =CX 2 OCX 3 X 4 OCX 2 =CX 1 F 

wherein X 1 and X 2 , equal to or different from each other, are F, CI; X 3 and X 4 , equal to or different from each other, 
are F or CF 3 , which during the polymerization cyclopolymerize. 

. .Amorphous perfluorinated copolymers according to claim 2, 
wherein the perfluorodioxoles have the following formula: 

CF = C - R' F 
I I 

o o 

\ / 

cx,x 2 

(IA) 

wherein R' F is equal to F, R F or OR F wherein R F is a linear or branched when possible perfluoroalkyl radical having 
1-5 carbon atoms; X 1 and X 2 equal to or different from each other being F or CF 3 . 

25 4. . Amorphous perfluorinated copolymers according to claim 3, 
wherein in formula (IA) R' F = OR F , R F preferably being 
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CF 3 ; X n = X 2 = F (TTD). 

5. .Amorphous perfluorinated copolymers, according to claim 3, 

wherein in formula (IA) R' F = F; X-, = X 2 = F (PD). . 

6. Amorphous perfluorinated copolymers according to claims 1 -5, wherein the non cyclic perfluorinated comonomers, 
35 or which do not cyclize during the polymerization, containing at least one ethylene unsaturation, are selected from 

the following: 

C 2 -C 8 perfluoroolefins, such as TFE, hexafluoropropene (HFP); 

(per)fluoroalkylvinylethers (PAVE) CF 2 =CFOR f , wherein R f is a C,-C 6 (perfluoroalkyl, for example CF 3 , C 2 F 5 , 
40 c 3 F 7 ; ' 

perfluoro-oxyalkylvinylethers CF 2 =CFOX, wherein X is: a C r C 12 alkyl, or a C r C 12 oxyalkyl, oraC r C 12 per- 
fluoro-oxyalkyl having one or more ether groups, for example perfluoro-2-propoxy-propyl. 

7. Amorphous perfluorinated copolymers according to claims 1-6, comprising non cyclic C 2 -C 8 fluoroolefins, or which 
45 do not cyclize during the polymerization, containing one or two chlorine atoms, preferably chlorotrifluoroethylene 

(CTFE). 

8. Amorphous perfluorinated copolymers according to claims 1-7, wherein when the amorphous polymer optionally 
contains units deriving from a non cyclic perfluorinated monomer, or which does not cyclize during the polymeri- 
se zation, containing at least one olefinic unsaturation, it contains cyclic units deriving from either different cyclic 

monomers or a cyclic monomer and a monomer which cyclizes during the polymerization. 

9. Amorphous perfluorinated copolymers according to claim 8, 

wherein the amount expressed in percent by moles of cyclic units deriving either from different cyclic monomers 
55 or from a cyclic monomer and a monomer which cyclizes during the polymerization ranges from 60% to 100% by 

moles, preferably from 80% to 100%. 

10. Amorphous perfluorinated copolymers according to claims 1-7, wherein when the amorphous polymer contains 
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units deriving from a non cyclic perfluorinated monomer, or which does not cvcli7 P rt.mno „ . . 

Amorphous perfluorinated copolymers according to claim 1 0 wherein the amount pynroccH ^ 
of cyclic units deriving from a cyc.ic monomer, or from two dlS^— X XoZ^ 
and a monomer wh,ch cychzes during the polymerization ranges from 60% to 99.5%, preferably from 80% to 

TaZ^ Pert [ U Tf e6 COp0,ymers accordi "9 * claims 10-11, optionally comprising a second non cyclic per 
luoroolefin or which does not cyclize during the po.ymerization, different from that already present seleSfrom 
the perf.uoroo.ef.ns of claims 6-7, in amounts in per cent by moles from 0 to 20%, pnrfer^^S^ 

13. Amorphous perfluorinated copolymers according to claims 1 -12, obtainable by copolymerizing: 

- the perfluorodioxoles of formula (IA) having TTD structure with TFE 

- the perfluorodioxoles of formula (IA) having TTD structure', with perfluorodioxoles of formu.a (IA), preferably 

SS^L^EEX ^o 8 % d ' SS0,V6d 3t 3 C ~ a «-- per cent by weight, from 0.5% to 

II) polymer fluorination in solution by treatment with elementary fluorine, optionally in admixture with inert 

sr zzszsg ultravio,et radiations havins a wave ,en9th from 200 » 500 SnTarir 

!he fNt'raie; fM,rati ° n f ' U ° rinati ° n °" PTFE " tar haVi " 9 3 ™ Ximum pore dia ™<- of 0.2 »xm, recovery of 
P^icauonT' 1 "' S °' Vent rem ° Val r6COVery ° f thG am0fph0US ^'"onnated polymers usab.e for optica. a P - 

15 ' f^omTsTo^T 1 ,/ 9 1 f ' Wh6rein S,GP '> the SO,Vent inert t0 "urination, having so.ubility parameter 

" S ZSc ^Sc 4 ' 6 ' wh ™" n s,ep '" ,te ™ ac,ton <™ o-c .» < 

' 8 ' L P Z?o^'o '? ItT* '? ■ ' ^ Where '" " "" ' ne "™<*«"»'° « «•*» »>e ««,,„ is car** out is in 
me range o -100 C, preferably it is the roon temperature (20°-25°C). 

19. Preform comprising the amorphous perfluorinated polymers according to claims 1 -13. 

20 P^Zop:^ ad r es > preferab * se,ected <™ ^ -d/or 

preferably from 5% to 20% P ™ " ^ ^ by ° n th ° P^'— polymer, from 1% to 30%, 

55 21 ' !n H ,0rrn ,! CC °, din9 '° C ' aim 20 ' Wher6in the d °P in 9 a 9 en,s are fluorinated compounds substantial C H bnnrt 
from CI, Br and lod.ne. or a funct.ona. group, preferably a ketonic group or an ether function 
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22. Preform according to claim 21 , wherein the doping agents are selected from the following: 1 ,3-dibromo-tetrafluor- 
obenzene, 1 ,4-dibromo-tetrafluorobenzene, 2-bromotetrafluorobenzotrifluoride, halogenpentafluorobenzene 
wherein the halogen is as defined in claim 21 , decafluorobenzophenone, perfluoroacetophenone, perfluorodiphe- 
nyl, chloroheptafluoronaphthalene, bromoheptafluoronaphthalene, chlorotrifluoroethylene oligomers optionally 

5 containing a second perfluoroolefinic monomer selected from the monomers indicated in claim 6. 

23. Preform according to claims 19-22, comprising perfluoropoly ethers containing in the chain one or more of the 
following units: -CF 2 -CF(CF 3 )0- : -CF(CF 3 )-CF 2 0- ) -(CF 2 ) n1 0- wherein n1 is an integer from 2 to 3, -CFX^-where- 
in X n = F, CF 3 , said perfluoropolyethers having number average molecular weight from 300 to 10,000, preferably 

10 from 500 to 2,500. 

24. Manufactured articles for optical applications obtainable with the amorphous pert luorinated polymers according to 
claims 1-13 or from the preforms according to claims 19-23. 
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